Abstract: 2-Bromoisobutyric acid 4-(2-benzothiazole-2-yl-vinyl)-phenyl ester (BPBVE) was used for the heterogeneous atom transfer radical polymerization (ATRP) of methyl methacrylate (MMA) with a copper(I)bromide/2,2'-bipyridine catalytic system. Factors such as the reaction temperature and mole ratio of catalyst to initiator, which could affect the ATRP system, were discussed in the paper. The functional end group was characterized via UV-vis and 1 H NMR spectroscopy. The rates of polymerizations exhibited first-order kinetics with respect to the monomer, and a linear increase in the number-average molecular weight with increasing monomer conversion was observed for these initiation systems. The polydispersity indices (PDI) of the polymer were relatively low (1.07-1.23) up to high conversions. This PMMA with BPBVE as end group shows strong emission at blue-light area whether in solution or in solid. In particularly, emission was decreased ( 
Introduction
Atom transfer radical polymerization (ATRP) is an effective method for controlled radical polymerization [1] [2] [3] [4] [5] [6] [7] [8] [9] , which is also a promising method to control the molecular weight and functionality of polymers. A wide range of fluorophores can be introduced into a polymer chain end by using fluorophore-containing initiators if the functional groups remain intact during the living radical polymerizations. Extensive studies have been reported on the incorporation of fluorophores into the ends of polymer chains [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , understanding of the fluorescent property of such polymers, and exploration of their applications [15, 16, 18, 21] . Erdogan et al. reported the synthesis of well-defined pyrene end-capped polystyrene via ATRP using 1-pyrenylmethyl 2-bromopropionate (PMBP) as the initiator. It was believed that direct fluorescence technique could be used for real-time monitoring of the diffusion processes [15] . Heredia et al. first demonstrated aminooxy-functionalized initiators for ATRP for chemoselective protein-polymer conjugates synthesis [16] . Moon et al. prepared fluorescently labeled phthalic anhydride-functionalized polymers and demonstrated the use of them for investigation of reactive blending processes in which low concentrations of reactive polymers were employed [18] .
The environmental impact of metal ions is a major environmental protection issue. Fluorosensors are molecular devices capable of detecting the presence of environmental pollutants via changes in spectral characteristics [22] [23] [24] [25] [26] . Polymeric fluorosensors are of particular interest because they are molecular devices powered by light and which possess high sensitivity to various external signals. The functional characteristics of polymeric fluorosensors can be expressed either by conformational changes of the macromolecules or by collective transport properties [26] . However, the use of end-functionalized polymeric fluorosensors for detecting metal ions has been rarely reported, and yet a small amount of fluorophores is enough for fluorescence detection purposes.
Herein, we report ATRP of MMA using 2-bromoisobutyric acid 4-(2-benzothiazole-2-yl-vinyl)-phenyl ester (BPBVE) as an initiator. The fluorescent property of the endfunctionalized PMMA and its emission quench in the presence of metal ions were investigated with regard to their potential application as fluorosensors.
Results and discussion

ATRP of MMA initiated by BPBVE
The polymerizations of MMA were carried out with a monomer/initiator molar ratio of 200, and a final number-average degree of polymerization of 200 was targeted; this produced a theoretical number-average molecular weight (M n, (th) ) of approximately 20000 at 100% conversion. The effect of the polymerization temperature on the ATRP of MMA was investigated, and the results are presented in Fig. 1 and 2 . As shown in Fig. 1 , at different temperatures, the corresponding plots of ln
vs the polymerization time are linear, which indicates that the propagating radical concentrations are almost constant during the processes of the polymerization. The rate of polymerization accelerates with temperature increasing, which can be learned from the slope of lines which represent the apparent rate constant of polymerization at different temperature. As shown in Fig. 2 , the M n, (GPC) increase almost linearly with monomer conversion, which is consistent with the polymerization proceeding in a controlled fashion. However, all of the M n, (GPC) are higher than the M n, (th) , and indicates low initiation efficiency. The low efficiency of this system is probably due to a mass of initiator radicals terminated in the initiation stage of the polymerization. Fig.  2 also shows the PDIs on the monomer conversion and PDIs remain relatively low (1.07-1.23) up to high conversion. Instead of a continuing decrease in PDIs with conversion which is often observed in other ATRP systems, an obvious increase in PDIs occurs at higher conversions, and the deviations are presumably due to the fast propagation. The influence of concentration of catalyst on polymerization was also investigated and the results are shown in Table 1 . As shown in Table1, the monomer conversion of polymerization is relatively low (6.5%) without CuBr. The initiation is inefficient, and therefore high molecular weight polymer (178200) and broad PDI (2.79) are obtained, matched as a conventional radical polymerization. Conversion and M n, (GPC) improve remarkably using CuBr catalyst system indicating the initiator suitable for the ATRP. According to Table 1 
Characterization of Polymers
The 1 H NMR spectrum of PMMA is shown in Fig. 3 . According to the mechanism of ATRP, initiator group is incorporated at α-end of the polymer chain, while ω-end remains a terminal halide. It can be verified by 1 H NMR spectrum (Fig. 3) . Signals at 7.97-7.21 ppm are attributed to partial of the protons in initiator units. The functional end-group of PMMA is also verified by UV-vis spectra of the initiator and corresponding PMMA (Fig. 4) . The intensity of the UV absorption of the initiator is stronger than that of the corresponding PMMA, and it is due to the decreased concentration of the chromophore when the initiator is attached to the polymeric chain [28] . The absorption of BPBVE appear at the characteristic intense π-π* transition of benzothiazole at about 340 nm.
The characterization of PMMA suggested that the polymerization fitted the mechanism of ATRP.
The fluorescent properties of end-functionalized PMMA
The fluorescent property of end-functionalized PMMA has been investigated in DMF solution with different concentration as shown in Fig.5 . The emission was increased with increasing concentration at first, and then decreased with continuous increasing concentration. When concentration of PMMA is 0.5 mmol/L, the emission reaches to maximum. Fluorescent emission spectra of end-functionalized PMMA in different solvents at the same concentrations are shown in Figure 6 . It can be seen that the emission spectra of PMMA solution was enhanced from chloroform to DMF with increasing solvent polarity.
Fluorescence quench of PMMA with metal ions in DMF solution
The fluorescence of end-functionalized PMMA has been investigated in DMF solution. In DMF solution the end-functionalized PMMA emits blue fluorescence at about 415 nm (λ ex = 380 nm) which is similar with that of initiator itself. Eight different ions (Zn Fig. 7 . Addition of metal cations leads to a decrease of the fluorescence intensity of the PMMA dissolved in DMF solution. The coordination occurring in the core of the endgroup is followed by a photoinduced electron transfer (PET) process or energy transfer to the periphery of the molecule which quenches the fluorescence. The fluorescence intensity depends on the nature of the metal ions and their different ability to interact with the benzothiazole end-group. In the case of Zn 2+ , Pb 2+ and Ni 2+ , the metal cations have a small effect upon the fluorescence intensity. The highest effect has been observed in the presence of Fe 3+ which plays a pivotal role in many biochemical processes in a cellular level [29] , since above 99% quenching of the fluorescence intensity has been achieved. The best quenching effect achieved with Fe 3+ ions is probably due to the fact that they have the smallest ion radius opening better chances for coordination in the end-group of PMMA [30] . However, the detect limitation is still high and will affect their further application. This work provides a method to prepare polymer-containing fluorescence probe. The research to improve their fluorescent property and prepare a film-typed probe is ongoing in our lab. 
Conclusions
The polymerizations of MMA initiated by BPBVE were well-controlled with the characteristics of ATRP. 
Experimental part
Materials
MMA (98%; Sinopharm Chemical Reagent Co., Ltd) was purified by extracting with 5% sodium hydroxide aqueous solution, followed by washing with water and dried with anhydrous sodium sulfate overnight, finally distillated under vacuum. CuBr (98.5%; Sinopharm Chemical Reagent Co., Ltd) was purified in acetic acid, washed with methanol and dried under vacuum to afford a white powder. 2-Methylbenzothiazole (98%; Fluka) was used as received. 2-Bromo-2-methylpropionyl bromide (97%; Alfa Aesar) was used as received. 4-Hydroxybenzaldehyde (chemically pure; Sinopharm Chemical Reagent Co., Ltd) was recrystallized from water (containing some H 2 SO 4 ) and dried under vacuum. All other reagents and solvents were analytically pure and were used as received.
Synthesis of initiator
BPBVE was synthesized according to other work in our group [27] .
White powder. Yield: 64%. 
General procedure for polymerizations
Initiator, CuBr, BPY, MMA and cyclohexanone were mixed in a round-bottomed flask. The flask was sealed and cycled between vacuum and N 2 for three times. The polymerization was processed at a pre-determined temperature under N 2 . Samples were taken out by a syringe at different time intervals and diluted with tetrahydrofuran (THF). The diluted solution was passed through an alumina column to remove the copper catalyst, and the filtrate was precipitated by addition of methanol. The precipitation was filtrated and dried under vacuum.
Measurements
Conversions for monomer were determined by gravimetry. 1 H NMR spectra were measured by INOVA 400 MHz NMR spectrometer, CDCl 3 or DMSO-d 6 as solvent and tetramethylsilane (TMS) as the internal standard at ambient temperature. Molecular weights and the polydispersity relative to PMMA were measured using Waters1515 GPC with THF as a mobile phase at a flow rate of 1 mL/min and with column temperature of 30 ºC. UV-vis absorption spectra of the polymers and initiator in DMF solutions were determined on a Shimadzu RF540 spectrophotometer. Room temperature emission and excitation spectra were carried out using Edinburgh-920 fluorescence spectra photometer. The purity was determined with a Waters 515 HPLC apparatus: a mixture of methanol and water (methanol: water = 80: 20, v/v) was used as the eluent at a flow rate of 0.8 mL/min at 30 ºC with a C18 column and with a Waters 996 detector.
